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Example 1: Cloning and ex pression nf the hepatitis C virus El protein 
1 . Construction of vaccinia virus recombination vectors 

The pgptATA 1 8 vaccinia recombination plasmid is a modified version of p ATA 1 8 
(Stunhenberg et a(, 1 988) with an additional insertion containing the E. coli xanthine 
guanine phosphoribosyl transferase gene under the control of the vaccinia virus 13 
intermediate promoter (Figure 1 ). The plasmid pgsATAI 8 was constructed by inserting 
an oligonucleotide linker with SEQ ID NO 1/94. containing stop codons in the three 
reading frames, into the Pst I and Hindlll-cut pATA18 vector. This created an extra Pac 
I restriction site (Figure 2). Tne original Hindlll site was not restored. 

Oligonucleotide linker with ScQ ID NO 1/94: 

3' G GCA7GC AAGC77 AA77AA77 3' 

3' ACG7C CG7ACG TTCGAA T7AA77AA 7CGA = 

?szl Sphl Hir.cIII Pac I (HlHdZIZi 

In order to facilitate rapid and efficient purification by means of Ni 2 * chelation 
of engineered histidine stretches fused to the recombinant proteins, the vaccinia 
recombination vector pMSSS was designed to express secreted proteins with an 
additional carboxy-terminal histidine tag. An oligonucleotide linker with SEQ ID NO 2/95, 
containing unique sites for 3 restriction enzymes generating blunt ends (Sma I. Stu I and 
Pml I'/Bbr PI) was synthesized in such a way that the carboxy-terminal- end of. any cDNA 
could be inserted in frame with a sequence encoding the protease factor Xa cleavage 
site followed by a nucleotide sequence encoding 6 histidines and 2 stop codons (a new 
Pac I restriction site was also created downstream the 3'end). This oligonucleotide with 
SEQ ID NO 2/95 was introduced between the Xma I and Pst I sites of pgptATA 18 
(Figure 3). 

Oligonucleotide linker with SEQ ID NO 2/95: 

'5' CCGGG GAGGCCHt;CACGTGA7CGAGGGCAGACAC^ CTGCA7 
3' C CTCCGGACG7GCAC7AGCTCCCG7C7G7GG7^^ G 

Xmal 9szZ 
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FIGS. 35B-1 to 35B-8: Antibody levels to the different 
HCV antigens (NS4, NS5, El and E2) for NR and LTR 
followed during treatment and over a period of 6 to 12 
months after treatment determined by means of the LlAscan 
method. The avergae vallues are indicated by the curve with 5 
the open squares. 

FIGS. 36A and 36B: Average El antibody (ElAb) and E2 
antibody (ElAb) levels in the LTR and NR groups. 

FIGS. 37A-D: Averages El antibody (ElAb) levels for 
non-responders (NR) and long term responders (LTR) for 
type lb and type 3a. 

FIG. 38: Relative map positions of the anti-E2 mono- 
clonal antibodies. 

FIG. 39: Partial deglycosylation of HCV El envelope 
protein. The lysate of wHCVlOA-infected RK13 cells were 
incubated with different concentrations of glycosidases 
according to the manufacturer's instructions. Right panel: 
Glycopcptidase F (PNGase F). Left panel: Endoglycosidase 
H (Endo H). 

FIG. 40: Partial deglycosylation of HCV E2 envelope 
proteins. The lysate of vvHCV64-infected (E2) and 
wHCV41 -infected (E2s)RK13 cells were incubated with 
different concentrations of Glycopeptidase F (PNGase F) 
according to the manufacturer's instructions. 

FIG. 41: In vitro mutagenesis of HCV El glycoproteins. 
Map of the mutated sequences and the creation of new 
restriction sites. 

FIG. 42 A: In vitro mutagenesis of HCV El glycoprotein 
(part 1). First step of PCR amplification. 

FIG. 42B: In vitro mutagensis of HCV El glycoprotein 
(part 2). Overlap extension and nested PCR. 

FIG. 43: In vitro mutagesesis of HCV El glycoproteins. 
Map of the PCR mutated fragments (GLY-# and OVR-#) 
synthesized during the first step of amplification. 

FIG. 44A: Analysis of El glycoprotein mutants by West- 
era blot expressed in HcLa (left) and RK13 (right) cells. 
Lane 1: wild type W (vaccinia virus), Lane 2: original El 
protein (vvIICV-lOA), Lane 3: El mutant Gly-1 (wHCV- 
81), Lane 4: El mutant Gly-2 (wHCV-82), Lane 5: El 
mutant Gly-3 (wHCV-83), Lane 6: El mutant Gly-4 
(wHCV-84), Lane 7: El mutant Gly-5 (wHCV-85), Lane 8: 
El mutant Gly-6 (wIICV-86). 

FIG. 44B: Analysis of El glycosylation mutant vaccinia 
viruses by PCR amplification/restriction. Lane 1: El 
(wHCV-lOA), BsoE I, Lane 2: El.GLY- 1 (wIICV-81), 
BspE I, Lane 4: El (vvIICV- 10A), Sac I, Lane 5: El.GLY-2 
(wHCV-82), Sac I, Lane 7: El (vvIICV-lOA), Sac I, Lane 
8: El .GLY-3 (vvHCV-83), Sac I, Lane 10: El (wIICV- 
10A), Stu I, Lane 11: El.GLY-4 (vvHCV-84), Stu 1, Lane 13: 
El (wHCV-lOA), Sma I, Lane 14: El.GLY-5 (wIICV-85), 
Sma I, Lane 16: El (wHCV-lOA), Stu I, Lane 17: El.GLY-6 
(wIICV-86), Stu I, Lane 3-6-9-12-15: Low Molecular 
Weight Marker, pBluescript SK+, Msp I. 

FIG. 45: SDS polyacryl amide gel electrophoresis of 
recombinant E2 expressed in S. cerevisiae. Innoculates were 
grown in leucine selective medium for 72 hrs. and diluted 
Vis in complete medium. After 10 days of culture at 28° C, 
medium samples were taken. The equivalent of 200 jd of 
culture supernatant concentrated by speedvac was loaded on 
the gel. Two independent transformants were analysed. 



FIG. 46: SDS polyacrylamide gel electrophoresis of 
recombinant E2 expressed in a glycosylation deficient 5. 
cerevisiae mutant. Innoculae were grown in leucine selec- 
tive medium for 72 hrs. and diluted Vis in complete medium. 
After 10 days of culture at 28° C, medium samples were 
taken. The equivalent of 350 /d of culture supernatant, 
concentrated by ion exchange chromatography, was loaded 
on the gel. 

Table 1 : Features of the respective clones and primers 
used for amplification for constructing the different forms of 
the El protein as despected in Example 1. 

Table 2 : Summary of Anti-El tests 

Table 3 : Synthetic peptides for competition studies 

Table 4: Changes of envelope antibody levels over time. 

Table 5: Difference between LTR and NR 

Table 6: Competition experiments between murine E2 
monoclonal antibodies 

Table 7: Primers for construction of El glycosylation 
mutants 

Table 8: Analysis of El glycosylation mutants by ELISA 

EXAMPLE 1 

Cloning and Expression of the Hepatitis C Virus 
El Protein 

1 . Construction of Vaccinia Virus Recombination vectors 

The pgptATA18 vaccinia recombination plasmid is a 
modified version of pATA18 (Stunnenberg et al, 1988) with 
an additional insertion containing the E. coli xanthine gua- 
nine phosphoribosyl transferase gene under the control of 
the vaccinia virus 13 intermediate promoter (FIG. 1). The 
plasmid pgsATA18 was constructed by inserting an oligo- 
nucleotide linker with SEQ ID NO 1/94, containing stop 
codons in the three reading frames, into the Pst I and 
Hindlll-cut pATA18 vector. This created an extra Pac I 
restriction site (FIG. 2). The original Hindlll site was not 
restored. 



Oligonucleotide linker with SEQ ID NO 1/94: 
5' G GCATGC AAGCTT AATTAATT 3' 

3 ' ACGTC CGTACG TTCGAA TTAATTAA TCGA 5' 
Pst I SpHI Hindi! I Pac I (HlndTlI) 



C 



•r 



In order to facilitate rapid and efficient purification by 
means of Ni 2 - chelation of engineered histidine stretches 
fused to the recombinant proteins, the vaccinia recombina- 
tion vector pMS66 was designed to express secreted proteins 
with an additional carboxy-terminal histidine tag. An oligo- 
nucleotide linker with SEQ ID NO 2/95, containing unique 
sites for 3 restriction enzymes generating blunt ends (Sma i, 
Stu I and Pmll/BbrPl) was synthesized in such a way that the 
carboxy-terminal end of any cDNA could be inserted in 
frame with a sequence encoding the protease factor Xa 
6 4 cleavage site followed by a nucleotide sequence encoding 6 
histidines and 2 stop codons (a new Pac I restriction site was 
also created downstream the 3' end). This oligonucleotide 
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with SEQ ID NO 2/95 was introduced between the Xma I 
and Pst I sites of pgptATA18 (FIG. 3). 
Oligonucleotide linker with SEQ ID NO 2/95: 



30 



was not completely included in construct pvHCV-38, a 
larger El region lacking hydrophobic domain I was isolated 
from the pvHCV-37 plasmid by EcoRl/Bam HI cleavage and 



Oligonucleotide linker with SEQ ID NO 2/95; 

'5* CCGGG GAGGCCTGCACGTGATCGAGGGCAGACACCATCACCACCATa^TAATAGTTAATTAA CTGCA3 
3' C CTCCGGACGTGCACTAGCTCCCGTCTGTGGTAGTGGTGGTAGTGATTATCAATTAATT G 




EXAMPLE 2 
Construction of HCV Recombinant Plasmids 

2.1. Constructs Encoding Different Forms of the El 
Protein 

Polymerase Chain Reaction (PCR) products were derived 
from the semm samples by RNA preparation and subsequent 
reverse -transcription and PCR as described previously 
(Stuyvcr et al., 1993b). Table 1 shows the features of the 
respective clones and the primers used for amplification. The 
PCR fragments were cloned into the Sma I -cut pSP72 
(Promega) plasmids. The following clones were selected for 
insertion into vaccinia reombination vectors: HCC19A(SEQ 
ID NO 3), HCC11 OA (SEQ ID NO 5), HCC111A(SEQ ID 
NO 7), HCCU2A (SEQ ID NO 9), HCC113A (SEQ ID NO 
11), and HCC117A(SEQ ID NO 13) as depicted in FIG. 21. 
cDNA fragments containing the El -coding regions were 
cleaved by EcoRI and HindlH restriction from the respective 
pSP72 plasmids and inserted into the EcoRl/Hindll-cut 
pgptATA-18 vaccinia recombination vector (described in 
example 1), downstream of the 11K vaccinia virus late 
promoter. The respective plasmids were designated pvHCV- 
9A, pvHCV-lOA, pvHCV-llA, pvHCV-12A, pvHCV-13A 
and pvHCV-17A, of which pvHCV-HAis shown in FIG. 4. 

2.2. Hydrophobic Region El Deletion Mutants 

Clone HCC137, containing a deletion of codons Asp264 to 
Val287 (nucleotides 790 to 861, region encoding hydropho- 
bic domain 1) was generated as follows: 2 PCR fragments 
were generated from clone HCC110A with primer sets 
HCPr52 (SEQ ID NO 16)/HCPrl07 (SEQ ID NO 19) and 
HCPrl08 (SEQ ID NO 20)/HCPR54 (SEQ ID NO 18). 
These primers are shown in FIG. 21. The two PCR frag- 
ments were purified from agarose gel after electrophoresis 
and 1 ng of each fragment was used together as template for 
PCR by means of primers HCPr52 (SEQ ID NO 16) and 
HCPr54 (SEQ ID NO 18). The resulting fragment was 
cloned into the Sma I-cut pSP72 vector and clones contain- 
ing the deletion were readily identified because of the 
deletion of 24 codons (72 base pairs). Plasmid 
pSP72HCC137 containing clone HCC137 (SEQ ID 15) was 
selected. A recombinant vaccinia plasmid containing the 
full-length El cDNA lacking hydrophobic domain I was 
constructed by inserting the HCV sequence surrounding the 
deletion (fragment cleaved by Xma I and Bamll I from the 
vector pSP72-HCC137) into the Xma I-BamHI sites of the 
vaccinia plasmid pvHCV-lOA. The resulting plasmid was 
named pvHCV-37. After confirmatory sequencing, the 
amino-terminal region containing the internal deletion was 
isolated from this vector pvHCV-37 (cleavage by EcoR I and 
BstE II) and reinserted into the Eco RI and Bst Ell-cut 
pvHCV-llA plasmid. This construct was expected to 
express an El protein with both hydrophobic domains 
deleted and was named pvHCV-38. The El-coding region of 
clone HCC138 is represented by SEQ ID NO 23. 

As the hydrophilic region at the El carboxy terminus 
(theoretically extending to around amino acids 337-340) 



cloned into an EcoRlI/BamHI-cut pgsATA-18 vector. The 
resulting plasmid was named pvHCV-39 and contained 
clone HCC139 (SEQ ID NO 25). The same fragment was 

15 cleaved from the pvHCV-37 vector by Bam H I (of which the 
sticky ends were filled with Klenow DNA Polymerase I 
(Boehringer)) and subsequently by EcoRI (5 1 cohesive end). 
This sequence was inserted into the EcoRI and Bbr Pl-cut 
vector pMS-66. This resulted in clone HCC140 (SEQ ID NO 

20 27) in plasmid pvHCV-40, containing a 6 histidine tail at its 
carboxy-terminal end. 

2.3. El of Other Genotypes 

Clone HCC162 (SEQ ID NO 29) was derived from a type 
3a- infected patient with chronic hepatitis C (serum BR36, 

25 clone BR36-9-13, SEQ ID NO 19 in WO 94/25601, and see 
also Stuyver et al. 1993a) and HCC163 (SEQ ID NO 31) was 
derived from a type 5a-infectcd child with post- transfusion 
hepatitis (serum BE95, clone PC-4-1, SEQ ID NO 45 in WO 

3Q 94/25601). 

2.4. E2 Constructs 

The HCV E2 PCR fragment 22 was obtained from serum 
BE11 (genotype lb) by means of primers HCPrl09 (SEQ ID 
NO 33) and HCPr72 (SEQ ID NO 34) using techniques of 

35 RNA preparation, reverse -transcription and PCR, as 
described in Stuyver et al., 1993b, and the fragment was 
cloned into the Sma I-cut pSP72 vector. Clone HCC122A 
(SEQ ID NO 35) was cut with Ncol/AlwNI or by Bamlll/ 
AlwNl and the sticky ends of the fragments were blunted 

40 (Ncol and BamHI sites with Klenow DNA Polymerase I 
(Boehringer), and AlwNI with T4 DNA polymerase 
(Boehringer)). The BamHI/AlwNI cDNA fragment was then 
inserted into the vaccinia pgsATA-18 vector that had been 
linearized by EccRI and Hind 111 cleavage and of which the 

45 cohesive ends had been filled with Klenow DNA Poly- 
merase (Boehringer). The resulting plasmid was named 
pvHCV-41 and encoded the E2 region from amino acids 
Met347 to Gln673, including 37 amino acids (from Mct347 
to Gly383) of the El protein that can serve as signal 

50 sequence. The same HCV cDNA was inserted into the EcoR 
I and Bbr Pl-cut vector pMS66, that had subsequently been 
blunt ended with Klenow DNA Polymerase. The resulting 
plasmid was named pvHCV-42 and also encoded am in acids 
347 to 683. The Ncol/AlwNI fragment was inserted in a 

55 similar way into the same sites of pgsATA-18 (pvHCV-43) 
or pMS-66 vaccinia vectors (pvHCV-44). pvHCV-43 and 
pvHCV-44 encoded amino acids 364 to 673 of the HCV 
polyp rot ein, of which amino acids 364 to 383 were derived 
from the natural carboxytcrminal region of the El protein 

60 encoding the signal sequence for E2, and amino acids 384 to 
673 of the mature E2 protein. 

2.5. Generation of Recombinant HCV- Vaccinia Viruses 
Rabbit kidney RK13 cells (ATCC CCL 37), human 

osteosarcoma 143B thymidine kinase deficient (TK-) 
65 (AI^CC CRL 8303), HeLa (ATCC CCL 2), and Hep G2 
(ATCC HB 8065) cell lines were obtained from the Ameri- 
can Type Culture Collection (ATCC, Rockville, Md., USA). 
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TABLE 1-continued 



Recombinant vaccinia plasmids and viruses 



cDNA subclone 
construction 



Length 
(ni/aa) 



Vector used 
for insertion 



pvHCV-65 


E1-E2 


Bamll I 


• Hind ID 


2072/691 


pvHCV-lOA 


pvHCV-66 


CORE-E1-E2 


BamHL 


• Hind III 


2427/809 


pvHCV-33 


pvHCV-Sl 


E1*-GLY 1 


EcoRI - 


BamHI 


783/262 


pvHCV-lOA 


pvHCV-82 


E1*-GLY2 


EcoRI - 


BamH I 


783/262 


pvHCV-lOA 


pvHCV-83 


E1*-GLY 3 


EcoRI - 


BamH I 


783/262 


pvHCV-lOA 


pvHCV-84 


E1*-GLY4 


EcoRI - 


BamH I 


783/262 


pvHCV-lOA 


pvHCV-85 


E1--GLY5 


EcoRI - 


BamH I 


783/262 


pvHCV-lOA 


pvHCV-86 


E1*-GLY6 


EcoRI - 


BamH I 


783/262 


pvHCV-lOA 



nt: nucleotide 
aa: aminoacid 

Kl: Klenow DNA Pol filling 
T4:T4 DNA Pol filling 

Position: aminoacid positional the HCV polyprotein sequence 



TABLE 2 



TABLE 3 -continued 



Summary of anti-El tests 
S/N ± SD fmean anti-El titer 1 ) 



Start of treatment End of treatment 



Follow-up 



LTR 6.94 * 2.29 


4.48 ± 2.69 (1:568) 


2.99 ± 2.69 (1:175) 


(1:3946) 






NR 5.77 ± 3.77 


5.29 ± 3.99 


6.08 ± 3.73 


(1:1607) 


(1:1060) 


(1 :1978) 



LTR: Long-term, sustained response for more than 1 year 
NR: No response, response with relapse, or partial response 



TABLE 3 



Synthetic peptides for competition studies 



SEQ 
ID 



PEPTIDE 


AMINO ACID SEQUENCE 


POSITION NO 


El 


-31 


LLS CLTVPAS AYQVRN STGL 


1B1 


-2 00 


56 


El 


-33 


QVRNSTGLYHVTNDCPNSS I 


193 


-212 


57 


El 


-35 


N DCPNS S I VYEAHDAI LHTP 


205 


-224 


58 


El 


-35A 


SNSSIVYEAADMIMHTPGCV 


208 


-227 


59 


El 


-37 


HDAI LHTPGCVPCVRE GNVS 


217 


-236 


60 


El 


-39 


C VREGNVS RCWVAMTPTVAT 


229 


-248 


61 


El 


-41 


AMTPTVATRDGKLPATQLRR 


241 


-260 


62 


El 


-43 


LPATQLRRH I DLLVGSATLC 


253 


-272 


63 


El 


-45 


L VGSATLC S ALY VGDLCGS V 


265 


-284 


64 


El 


-49 


QLFTFS PRRHWTTQGCNCS I 


289 


-308 


65 


El 


-51 


TOGCNC S I YPGH ITGHRMAW 


301 


-320 


66 


El 


-53 


I TGHRMAWDMMMNWSPTAAL 


313 


-3 32 


67 


El 


-55 


NWSPTAALVMAQLLRIPQAI 


325- 


-344 


68 


El 


-57 


LLRJPQAILDMIAGAHWGVL 


337- 


-356 


69 


El 


-59 


AGAHWG VLAG IAYF SMVGNM 


349- 


-368 


70 



Synthetic peptides for competition studies 

SEQ 
ID 

POSITION NO 



PROTEIN PEPTIDE AMINO ACID SEQUENCE 



El- 


63 


WLLLFAGVD AE TIVSGGQA 


373-392 


71 


E2 E2- 


67 


SGLVSLFTPGAKQNJQLINT 


397-416 


72 


E2- 


69 


QN IQLINTNG SWH IN STALN 


409-428 


73 


E2- 


S3B 


LNCNESLNTGWWLAGLI YQHK 427-446 


74 


E2- 


$1B 


AGL I YQHKFN SSGCPERIAS 


439-458 


75 


E2- 


IB 


GCPERLAS CRPLTDFDQGWG 


451-470 


76 


E2- 


3B 


TDFDQGWGPISYANGSGPDQ 


4 63-4 82 


77 


E2- 


SB 


ANGSGPDQRPYCWHYPPKPC 


475-4 94 


78 


E2- 


7B 


WH YPPKPCGI VPAKS VCGPV 


487-506 


79 


E2- 


9B 


AKSVCGPVYCFTPSPVWGT 


4 99-518 


80 


E2- 


11B 


PS PVWGTTDRS GAPTY SWG 


511-5 30 


81 


E2- 


13B 


GAPT YS WGEN DTDVFVLNNT 


523-542 


82 


E2- 


17B 


GNWFGCTWMN STGFTKVCGA 


5 47-566 


83 


E2- 


19B 


GFTKVCGAPPVC IGGAGNNT 


559-578 


84 


E2- 


21 


IGGAGNNTLHCPTDCFRKHP 


571-5 90 


65 


E2- 


23 


TDCFRKHPDATYSRCGS GPW 


583-602 


86 


E2- 


25 


SRCGSGPW ITPRCLVDYPY R 


595-614 


87 


E2- 


27 


CL VD YP YRLWHY PCTNYTI 


607-626 


88 


E2- 


29 


PCT INYT I FK IRMYVGGVEH 


619-638 


89 


E2- 


31 


MYVGGVEHRLEAACNWTPGE 


631-650 


90 


E2- 


33 


ACNWTPGERCDLEDRDRSEL 


643-662 


91 


E2- 


35 


EDRDRSELSPLLLTTTQWQV 


655-674 


92 



TABLE 4 



Change of Envelope Antibody levels over time (complete study. 28 patients') 



Wilcoxon Signed 
Rank test (P values) 



ElAb NR ElAb NR ElAb NR ElAb LTR ElAb LTR 
All type lb type 3a II type lb 



ElAb LTR E2Ab NR ElAb LTR 
type 3a Alt All 



End of therapy* 
6 months follow up* 
12 months follow up* 



0.1167 

0.86 

0.7989 



0.2604 
0.7213 
0.3105 



0.285 0.0058* 
0.5930 0.0047* 
1 0.0051* 



0.043*" 0.0499** 0.0186"* 0.0640 
0.043** 0.063 0.04326 0.0464*' 

0.0679 0.0277* * 0.0869 0.0058* ' 



"Data were compared with values obtained at initiation of therapy 
"•p values < 0.05 
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6,150,134 



TABLE 5 



Difference between LTR and NR (complete 


study) 






ElAb 


ElAb 


ElAb 


ElAb 


E2Ab 


Mann- With ney 


S/N 


titers 


S/N 


S/N 


S/N 


U test (P values) 


All 


all 


type lb 


type 3a 


All 


Initiation of therapy 


0.0257- 




0.05* 


0.68 


0.1078 


End of therapy 


0.1742 








0.1295 


6 months follow up, 


1 




0.6099 


0.425 


0.3081 


12 months follow up 


0.67 




0.23 


0.4386 


0.6629 




**** °frr 



"P values < 0.05 



TABLE 6 



Competition experiments between murine E2 monoclonal antibodies 





17H10F4D10 


2F10H10 


16A6E7 


10D3C4 


4H6B2 


17C2F2 


9G3E6 


12D11F1 


15C8C1 


8G10D1H9 


competitor 






















17H10F4D10 




62 


10 


ND 


11 


ND 


5 


6 


30 


ND 


2F10H10 


90 




1 


ND 


30 


ND 


0 


4 


12 


ND 


16A6E7 


ND 


ND 




ND 


ND 


ND 


ND 


ND 


ND 


ND 


10D3C4 


11 


50 


92 




94 


26 


28 


43 


53 


30 


4H6B2 


ND 


ND 


82 


ND 




ND 


ND 


ND 


ND 


ND 


17C2F2 


2 


ND 


75 


ND 


56 




11 


10 


0 


0 


9G3E6 


ND 


ND 


68 


ND 


11 


ND 




60 


76 


ND 


12D11F1 


ND 


ND 


26 


ND 


13 


ND 


ND 




88 


ND 


15C8C1 


ND 


ND 


18 


ND 


10 


ND 


ND 


ND 




ND 


8G10D1H9 


2 


2 


11 


ND 


15 


ND 


67 


0.82 


81 




competitor controls 






















15B7A2 


0 


0 


9 


15 


10 


9 


0 


0 


0 


5 


5H6A7 


0 


2 


0 


12 


8 


0 


0 


4 


0 


0 


23C12H9 


ND 


ND 


2 


12 


ND 


4 


ND 


ND 


ND 


2 


ND, not done 



TABLE 7 



Primers 



SEQ 


ID 


NO. 


96 


GPT 


5 ' 


-GTTTAACCACTGCATGATG-3 ' 


SEQ 


ID 


NO. 


97 


TK R 


5' 


-GTCCCATCGAGTGCGGCTAC-3 ' 


SEQ 


ID 


NO. 


98 


GLY1 


5 ' 


- CGTGACATGGTAC ATTCCGGACACTTGGCGCACTT CATAAGCGGA- 3 ' 


SEQ 


ID 


NO. 


99 


GLY2 


5" 


-TGCCTCATACACAATGGAGCTCTGGGACGAGTCGTTCGTGAC-3 ' 


SEQ 


ID 


NO. 


100 


GLY3 


5' 


-TACCCAGCAGCGGGAGCTCTGTTGCTCCCGAACGCAGGGCAC-3 ' 


SEQ 


ID 


NO. 


101 


GLY4 


5' 


- TGTCGTGGTGGGGACGGAGGCCTGCCTAGCTGCGAGCGTGGG- 3 ' 


SEQ 


ID 


NO. 


102 


GLY5 


5' 


-CGTTATGTGGCCCGGGTAGATTGAGCACTGGCAGTCCTGCACCGTCTC- 3 * 


SEQ 


ID 


NO. 


103 


GLY6 


5* 


-CAGGGCCGTTGTAGGCCTCCACTGCATCATCATATCCCAAGC-3 ' 


SEQ 


ID 


NO. 


104 


OVR1 


5* 


- CCGGAATGTACCATGTCACGAACGAC - 3 ' 


SEQ 


ID 


NO. 


105 


OVR2 


5' 


-GCTCCATTGTGTATGAGGCAGCGG-3 ' 


SEQ 


ID 


NO. 


106 


OVR3 


5 ' 


-GAGCTCCCGCTGCTGGGTAGCGC- 3 ' 


SEQ 


ID 


NO. 


107 


OVR4 


5 ' 


-CCTCCGTCCCCACCACGACAATACG-3 ' 


SEQ 


ID 


NO. 


108 


OVR5 


5' 


-CTACCCGGGCCACATAACGGGTCACCG-3 ' 


SEQ 


ID 


NO. 


109 


OVR6 


5' 


-GGAGGCCTACAACGGCCCTGGTGG-3 ' 


SEQ 


ID 


NO. 


110 


GPT- 2 


5' 


-TTCTATCGATTAAATAGAATTC- 3 ' 


SEQ 


ID 


NO. 


111 


TK R -2 


5' 


-GCCATACGCTCACAGCCGATCCC-3 ' 




nucleotides underlined represent additional restriction site 
nucleotides in bold represent mutations with respect to the original HCC110A 
sequence 
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